Background/Aims: Stem cell-based therapy is attractive in many clinical studies, but current data on the safety of stem cell applications remains inadequate. This study observed the safety, immunological effect of cynomolgus monkey umbilical cord mesenchymal stem cells (mUCMSCs) injected into cynomolgus monkeys, in order to evaluate the safety of human umbilical cord mesenchymal stem cells (hUC-MSCs) prepared for human clinical application. Methods: Eighteen cynomolgus monkeys were divided into three groups. Group 1 is control group, Group 2 is low-dose group, Group 3 is high-dose group. After repeated administrations of mUC-MSCs, cynomolgus monkeys were observed for possible toxic reactions. Results: During the experiment, no animal died. There were no toxicological abnormalities in body weight, body temperature, electrocardiogram, coagulation and pathology. In the groups 2 and 3, AST and CK transiently increased, and serum inorganic P slightly decreased. All animals were able to recover at 28 days after the infusion was stopped. In the groups 2 and 3, CD3
Introduction
Umbilical cord mesenchymal stem cells (UC-MSCs) derived from colloid connective tissues of the umbilical cord have attracted much attention in recent years due to their multi-directional differentiation potential, and anti-inflammatory and immunoregulatory properties [1] [2] [3] . In 2003, Mitchell [2] successfully cultured mesenchymal stem cells from human umbilical cord tissues using the tissue culture method. Furthermore, researchers have routinely used the tissue adherence procedure, in which cells underwent enzymatic digestion and were cultured in uniform and stable UC-MSCs, allowing cells to exhibit their self-renewal ability [4] [5] [6] [7] . When cells were subcultured for more than 80 generations, no indication of aging or change in morphology was observed. Compared with bone marrow-and adipose-derived mesenchymal stem cells, UC-MSCs have obvious advantages. The umbilical cord is considered as waste after delivery. Hence, it is easy to collect and a convenient source, it is harmless to donors, and it is free from ethical restriction. For characteristics of better stemness and activity, these cells have the activity and biological characteristics of stability after freezing and resuscitating. Furthermore, the effect to some diseases are obvious, including liver damage, spinal cord injury, degenerative disease, graft-versus-host disease (GVHD) and autoimmune diseases [8, 9] . UC-MSCs are thought to have promising clinical application because of their high proliferative potential and ease of isolation than MSCs from other sources [10] . This is expected to become a large-scale production of "stem cell drugs."
At present, many studies have reported on the preparation and treatment of UC-MSCs. However, these reports have not established the preparation and identification of technical specifications and quality control standards. UC-MSCs are a new type of biological agent, and the production and preparation of each link may affect the quality of its preparation. The quality of its preparation also directly determines its clinical safety and effectiveness. Hence, there is a need to determined for a standardized production and preparation protocol for each link [11] . This study intends to establish a simple, stable and efficient preparation standard for cynomolgus UC-MSCs (mUC-MSCs), as well as a quality control standard of clinic-grade mUC-MSCs that can be directly resuscitated and reinfused. These shall be the results of future clinical trials and related studies, providing the technical or standardized formulation of mUC-MSCs.
Human umbilical cord mesenchymal stem cells (hUC-MSCs) are one of the typical adult stem cells; they have superiorities including low immunogenicity, non-invasive harvest procedure, and easy expansion in vitro and ethical access compared with stem cells from other sources. Therefore, hUC-MSCs are a promising candidate for cell-based therapy [12] .
hUC-MSCs seem to be an optimal choice for stem cell-based therapy. However, before the cells translate from basic to clinical research, some problems still remain to be solved: i) building regulatory guidelines as well as an efficient and safe manufacturing procedure; ii) establishing donor's genetic testing and long-term closely monitoring system; iii) conducting further clinical trials to determine the optimum and standard dosage, time, route, frequency and many other technical issues of hUC-MSCs transplantation [12] . Due to the potential therapeutic mechanisms, as well as challenges of hUC-MSCs in clinical translation, we used mUC-MSCs from monkeys for this experiment to imitate hUC-MSCs used for human.
With the extensive application of UC-MSCs, especially in the preparation of UC-MSC products in clinic, we must take safety as a prerequisite. This study aimed to conduct a safety evaluation on the preparation of the proposed mUC-MSCs. The cynomolgus monkey is a nonhuman primate, and has a close relationship with humans. It is highly similar to humans in terms of tissue structure, pathophysiology, immune regulation and energy metabolism. Its research value is obviously superior to that of other species [13] . This study aimed to establish a culture method for mUC-MSCs, and evaluate the safety of mUC-MSCs through repeated intravenous infusion treatments in cynomolgus monkeys. These study results would lay a foundation for the basic research of UC-MSCs and provide guidance in clinical treatment. Chronic toxicity test Animal grouping. Male (n=9) and female (n=9) segments, and random numbers were assigned for each segment using the Excel software. Furthermore, these 18 monkeys were divided into three groups: group 1 (n=6, Female=3, Male=3, Control group), group 2 (n=6, Female=3, Male=3, Low dose group) and group 3 (n=6, Female=3, Male=3, High dose group). Infusion was performed according to Table 1 . Since the clinical use of stem cell therapy is usually the dose is 1×10
6 cells/ kilograms of body weight. The groups 2 transplant 2×10 6 cells/ kilograms of body weight, the dose are 2 times the clinical dose. The groups 3 transplant 1×10 7 cells/ kilograms of body weight, the dose are 10 times the clinical dose.
Preparation and infusion of experimental reagents in each group. Preparation of the negative reference substance: An injection of 0.9% sodium chloride was given with no preparation. Infusion was performed for monkeys in the group 1.
Preparation of the Formulation A solution: A solution containing 1% human serum albumin was prepared with Compound Electrolyte Injection. Formulation A solution can prevent cell aggregation, ensure single cell suspension.
Cells (mUC-MSCs) were removed from liquid nitrogen and rapidly placed in a water bath at 40°C. During this period, the cryopreserved tubes were continuously shaken, and the cell suspension was allowed to rapidly melt. After the cell suspension completely melted, the frozen tubes are removed from the water bath and were run aseptically in a clean bench to complete the dilution process.
First, the outer surface of the cell tubes were wiped using cotton balls with alcohol, a small amount of cell suspension was taken, and cells were diluted with the appropriate amount of A solution after suspension with trypan blue staining to determine cell viability and count. When the activity rate reached 80%-100%, these cells were used for the study. Otherwise, these cells were discarded. The mUC-MSCs in the frozen tubes were transferred into a sterile tube, and an appropriate amount of Formulation A was added. Cells were centrifuged at 330 g for five minutes, the supernatant was discarded, and cells were resuspended with the appropriate amount of Formulation A. Then, cells were counted and cell viability was measured. When viability was within the range of 80%-100%, these cells were used for the study. Otherwise, these cells were discarded. Cell concentration was adjusted to 1 × 10 6 cells/mL, using the solution adjusted to 2 × 10 5 cells/mL to reach a final concentration of 1% human serum albumin, and adjusted to 1, 050 IU/4 × 10 7 cells using low molecular weight heparin calcium. The purpose of the addition of 1% human serum albumin, and low molecular weight heparin calcium is to maintain cell activity, to avoid cell aggregation, so that cells scattered into a single cell, is conducive to cell transplantation. Then, cells were counted again when the activity rate was within the 80%-100% range. Concentrations of the theoretical concentration of 80%-120% were used. When the activity was satisfied and the concentration was out of range, the concentration was readjusted. Concentrations within 80%-120% of the theoretical concentration were used, placed in an ice box for transport, and intravenous infusion was performed within four hours after preparation. Infusion was performed once every 14 days for 98 days, for a total of eight sessions.
Main monitoring indicators. The main test indicators after infusion: (1) body weight, (2) electrocardiogram, (3) hematology indicators, (4) blood biochemistry, and (5) immunological indicators (the day before the first infusion (D-1), the next day following the first infusion(D1), the next day following the third infusion(D42), the next day following the fifth infusion(D70), the next day following the last infusion(D84), and the end of the D126. Cell count was detected in blood collected through the hind limb subcutaneous vein. Then, a coagulation test was performed, hemo-lymphocyte subsets were detected (the percentage of CD3 + , CD4
+ and CD8 + in peripheral blood was measured; and the CD4 + /CD8 + ratio was calculated), cytokine test was performed (IL-10, IL-4, IL-5, IL-6, IFN-γ and TNF-α), and immunoglobulin detection was conducted (serum IgG content). At the last infusion (D99) and after the end of the D126, a blood T-lymphocyte proliferation test was performed (MTS one step). 15 and 30 minutes after infusion, blood in ±1 minute to complete; 1, 2, 4, 8 and 24 hours, blood in ±5 minutes to complete). Blood samples were used for toxicokinetic studies (male animals were not tested at the first infusion). After infusion treatment for animals in group 3, the animals were allowed to recover 28 days, 56 days, and 84 days. Blood was collected from two female monkeys before euthanasia for tissue distribution studies.
Blood sampling method: A 1-mL syringe was used to collect approximately 1 mL of blood via the subcutaneous vein of the monkey. The collected blood was placed into 250-μL/tubes, kept on ice in temporary storage, and transferred to a refrigerator at -70°C for analysis.
Animal collection time: In the study, 2 and 3 groups of animals, and the euthanized female animals were used for the tissue distribution and colonization differentiation study. Two female animals (animal no. 13-921 and 13-922) in group 1 were collected at the end of the infusion after euthanasia.
Detection method: Toxicity and intracellular distribution were detected by Q-PCR. Plasmid DNA pMD19-SRY2, a specific fragment of the sex-determining gene SRY on the chromosome of male cynomolgus monkeys, was studied. Male-derived mUC-MSC total DNA was distributed in female cynomolgus monkeys by quantitative PCR. This allowed the indirect determination of the metabolism and distribution of mUC-MSCs in female animals. This method was specific for the SRY2 sequence on the genomic DNA of cynomolgus monkeys. The standard plasmid pMD19-SRY2 was within the range of 102-107 copies/reaction/0.5 μg of the total DNA, and LOD and LOQ are at 100 copies/reaction/0.5 μg total DNA. Due to the mUC-MSCs were not distributed in all tissues, and the distribution of mUC-MSCs was not studied.
Observation of euthanasia and the recovery period. Two days after the last infusion, euthanasia was implemented in two animals (one male and one female) in each group. The animals were observed and the euthanasia was planned, in order to understand the recovery of toxic reactions and possible delayed toxicity. At the end of the observation period, ketamine was intramuscularly injected with ketamine at a dose of 10 mg/kg. After the animals became silent, the animals were anesthetized with an intravenous injection of 20 mg/kg of pentobarbital sodium until the animals entered an unconscious state. Femoral artery rapid bloodletting was performed and euthanasia was conducted on the animals.
Data processing methods. Statistical analysis: Body weight, body temperature, electrocardiogram, blood cell count, coagulation index, the blood biochemical index, T lymphocyte subsets, IgG, cytokines and other indexes in each group were statistically analyzed according to the following methods. Results were expressed as mean ± standard deviation (SD), and statistical level was set at 0.05. The difference between the group 2, 3 and group 1 was compared. Results were simultaneously analyzed with statistical significance and biological significance. When analyzing the biological significance of the data, changes before and after the infusion were also analyzed. The specific analysis method was as follows.
The variance was evaluated using Levene's Test. If there was no statistical significance (P>0.05), singlefactor analysis of variance (ANOVA) was used for statistical analysis. If ANOVA has statistically significant (P≤0.05), Dunnett's Test (parameter method) was used for comparative analysis.
Results

Morphological observation of mUC-MSCs
The mUC-MSCs were cultured without peeling off the blood vessels and capsule tissues. At the first five days after inverted-phase contrast microscopy, few spindle-adherent cells or cells grown from adherent tissue blocks were observed (Fig. 1A) . At nine days, a large number of spindle cells transformed into large clonal growths (Fig. 1B) , and primary cell digestion and passage were performed. When the cell was evenly distributed to 80%-90% fusion, it was observed that a large number of reticular-shaped fibroblast-like cells swirled, presented a radial growth, and had morphological characteristics similar to human UC-MSCs (Fig. 1C) .
Immunophenotype of mUC-MSCs
The third generation of mUC-MSCs with stable growth was detected by flow cytometry. Flow cytometry results are shown in Table 2 and Fig. 2 . It showed CD29 、CD90、CD44 positive rate were100%, CD34 positive rate was 0.1%, CD45 positive rate was 0.7%. The expression of cell surface markers is consistent with the characteristics of umbilical cord mesenchymal stem cells.
Proliferation ability of mUC-MSCs
In the growth curve (Fig. 3) , it can be observed that cells were in the retention period at two days when inoculation and proliferation were not obvious. After 3-7 days into the logarithmic proliferation period, cell growth had the best activity. Cell growth at the eighth day presented a platform growth period. The growth curve of mUC-MSCs exhibited a typical "S" trend.
Differentiation ability of mUC-MSCs
Adipose differentiation: Cell adipogenic differentiation was induced after 14-21 days, oil red O staining was performed, and the cytoplasm was observed within the red fat droplets (Fig. 4A ). Osteogenic differentiation: Induction was performed after 14-21 days, and calcium nodules were stained red by Alizarin red staining (Fig.  4B ). Cartilage differentiation: Induction was performed after 14-28 days, the sections were paraffin embedded, and melanin in the cartilage collagen matrix was stained blue (Fig. 4C) . We demonstrate that UC-MSC can differentiate to fat, bone and cartilage and are similar to BM-MSC, but differ from placentaderived fetal membrane so called decidual stromal cells.
Chronic toxicity test
Animal deaths. During the trial period, three groups did not incur animal deaths.
Weight. Compared with the group 1, the body weight of animals in the groups 2, 3 was not statistically different (P> 0.05).
Body temperature. Compared with the group 1, the body temperature of animals in the groups 2, 3 had no significant difference (P>0.05).
ECG. Compared with the group 1, the electrocardiogram results of animals in the groups 2, 3 had no significant difference (P>0.05). In the groups 2, 3, Neut (%) increased after the third infusion at day 30. After the last infusion at day 100, Neut (%) increased in the groups 2 (Fig. 5A) .
Lymph (%) decreased in the groups 2, 3 on the next day after the third infusion (D 30), and lymph (%) decreased in the groups 2 (D 100) after the last infusion (Fig. 5B) .
In the group 3, white blood cell (WBC) count decreased (D 58, Fig. 5C ), Neut (×10 Compared with the control group and the pre-infusion value, changes in Neut, Lymph and WBC in the above indexes fluctuated within the normal range of the laboratory, and there were no obvious regularities. Furthermore, there was no dose-response or time-response correlation, and there was non-toxicological significance.
Coagulation index. Compared with the group 1, the coagulation indexes of the animals in the groups 2, 3 were not statistically different (P>0.05).
Blood biochemical index. Compared with the same period for the group 1, the following hematological indicators were statistically significant (P≤0.05).
At the second day after the first infusion (D2), AST increased in the groups 2, 3 (Fig. 6A ). Elevated AST may be due to early homing of MSCs to the liver.
Cytokines (CK) in the groups 2, 3 were higher on the next day after the first infusion (D2, Fig. 6B ).
On the next day after the third infusion (D 30) and the next day after the fifth infusion (D 58), P decreased in the group 3; and on the next day of the last infusion (D 100), P was lower in the groups 2, 3 (Fig. 6C) . AST in the group 3 was significantly higher than that in the group 2. After continuous infusion, AST was maintained at a high level in the groups 2, 3. After 28 days of transfusion, AST returned to the infusion level. This change may be related to the infusion of cells.
For the serum, inorganic P was significantly lower in the group 3 after the third infusion (D 30); and this significantly decreased in the group 2 after the last infusion (D 100). In the cell infusion processes, there was a certain dose-response and time-response correlation. After 28 days, cell infusion was stopped, and the levels returned to pre-infusion levels. Hence, these changes were related to the infusion of cells.
Other statistically significant differences fluctuated within the normal range in the laboratory, and there was no dose-response or time-response correlation. Hence, the difference was not toxicologically significant. 28 days after the end of the recovery period, no obvious abnormalities were found in the indexes of each group. T lymphocyte proliferation test. Compared with the group 1, there was no significant difference in T lymphocyte proliferation in each group (P>0.05). animals, repeated intravenous infusion for 98 days, end of euthanasia infusion, brain tissues had no significant abnormal changes, and H&E staining (×10).(C) Group 1 13-925 animals, repeated intravenous infusion for 98 days, infusion of euthanasia, heart tissues had no significant abnormal changes, and H&E staining (×10).(D) Group 3 13-937 animals, repeated intravenous infusion for 98 days, infusion end of euthanasia, heart tissues had no significant abnormal changes, and H&E staining (×10).(E) Group 1 13-925 animals, repeated intravenous infusion for 98 days, infusion end of euthanasia, liver tissues had no significant abnormal changes, and H&E staining (×10).(F) Group 3 13-937 animals, repeated intravenous infusion for 98 days, the end of the euthanasia infusion, liver tissues had no significant abnormal changes, and H&E staining (×10).(G) Group 1 13-925 animals, repeated intravenous infusion for 98 days, the end of euthanasia, spleen tissues had no significant abnormal changes, and H&E staining (×10).(H) Group 3 13-937 animals, repeated intravenous infusion for 98 days, infusion end of euthanasia, spleen tissues had no significant abnormal changes, and H&E staining (×10).(I) Group 1 13-925 animals, repeated intravenous infusion for 98 days, infusion of euthanasia, lung tissues had no significant abnormal changes, and H&E staining (×10).(J) Group 3 13-937 animals, repeated intravenous infusion for 98 days, infusion end of euthanasia, lung tissues had no significant abnormal changes, and H&E staining (×10).(K) Group 1 13-925 animals, repeated intravenous infusion for 98 days, infusion end of euthanasia, no obvious abnormal changes occurred in renal tissues, and H&E staining (×10).(L) Group 3 13-937 animals, repeated intravenous infusion for 98 days, infusion end of euthanasia, kidney tissues had no significant abnormal changes, and H&E staining (×10).
Cellular Physiology
Cytokines. On next day after the first infusion, IL-6 levels in the groups 2, 3 were significantly higher than that in the group 1 (P≤0.05). On the next day after the third infusion (day 30), IL-6 levels increased in the group 3 (P≤0.05, Fig. 7C ). There were no significant differences in cytokine level among the other time points (P>0.05).
Immunoglobulin. Compared with the group 1, the immunoglobulin IgG values of the animals in the groups 2, 3 were not statistically different (P>0.05).
Metabolic kinetics, tissue distribution and colonization differentiation. Plasmid DNA pMD19-SRY2, which is a specific fragment of the sex-determining gene SRY in the male cynomolgus monkey Y chromosome was used for this study, and the quantitative PCR method was used to determine the total DNA of mUC-MSCs derived from male origin to observe the distribution in female cynomolgus monkeys. Hence, this would indirectly determine the metabolism and distribution of mUC-MSCs in female animals.
For the preparation of mUC-MSC for cynomolgus monkeys at doses of 2×10
6
/kg and 1×10 7 /kg, the plasma concentration of the animals increased as the dosage increased during the first infusion. Infusion was performed once every 14 days, for eight times. At 24 hours after infusion, blood concentration in the body of these animals increased, which was higher than that during the initial infusion.
The ratios of C max and AUC 0-24h were 1:4.20 and 1:1.44, respectively; and the ratio of C max and AUC 0-24h after the last infusion was 1:2.20 and 1:1.41, respectively.
The kinetic parameters of the preparation of mUC-MSC for the animals are shown in Table 3 .
At a range between 2×10
/kg and 1×10
7
/kg, the C max of the group 3 after the last infusion was lower than that of the first infusion (P=0.022), and AUC 0-24h was had no significant difference (P>0.05) compared with the first infusion. There was no significant difference in C max and AUC 0-24h in the group 2 (P>0.05) at first infusion, compared with last infusion. Infusion was performed once every 14 days, for eight times; and the accumulation factor for the groups 2, 3 was 1.48 and 2.23, respectively.
The genomic DNA content of male cynomolgus monkeys in each female group was lower than the lower limit of quantification, and no tissue distribution was detected. Colonization differentiation was not carried out in this study.
Pathological examination System autopsy. 28 days after the end of cell infusion and during the recovery period, no abnormal changes were observed in the animals in each group.
Histopathological examination. A total of 9 animals were euthanized at the end of the infusion treatment (D 100), and 9 animals were euthanized at the end of the recovery period (D 127). There were no obvious pathological changes associated with the infusion of cells in the general and microscopic examinations. No related irritations occurred in local blood vessels injected with infusion cells. Part of the histopathology report is shown in Fig. 8 . the induction of differentiation patterns are thought to represent the two primary mechanisms underlying the therapeutic effects of MSC transplantation in vivo. However, it is unclear which mechanism is involved in the therapeutic effects of hUC-MSC transplantation [14] . hUC-MSCs ameliorate dextran sulfate sodium (DSS)-induced colitis via the downregulation of colon inflammatory responses [15] . Furthermore, hUC-MSCs adjusted modulation of Treg/ Th17 cells in the spleen and mesenteric lymph nodes. hUC-MSCs also inhibited lamina propria mononuclear cells (LPMCs) in vitro [15] . Zhang et al. [16] . reported UC-MSCs suppressed umbilical cord blood lymphocyte proliferation stimulated by mitogen, and ELISA showed that the secretion of INF-γ was downregulated, and the secretion of IL-4 was upregulated, with CD8+ T cells markedly decreased and CD4+ T cells changed lightly. Moreover, the infusion of UC-MSCs in recipient mice transplanted with donor bone marrow cells ameliorated acute graft-versus host disease (aGVHD) and extended survival. In conclusion, UC-MSCs might negatively modulate immunoreactions, and have application potential in the treatment of a GVHD caused by allogeneic stem cells transplantation. mUC-MSCs from monkeys were used for this experiment to imitate hUC-MSCs used for human. Van et al. [17] . analysized pluripotent cell markers showed UC-MSCs maintained the expression of the oncogenes Nanog and Oct4 after long term culture but failed to transfer tumors in NOD/SCID mice. Umbilical cord (UC) is a rich source of rapidly proliferating mesenchymal stem cells (MSCs) that are easily cultured on a large-scale. Clinical applications of UC-MSCs include graftversus-host disease, and diabetes mellitus types 1 and 2. UC-MSCs should be isolated and proliferated according to good manufacturing practice (GMP) with animal component-free medium, quality assurance, and quality control for their use in clinical applications. They are attractive autologous or allogenic agents for the treatment of malignant and nonmalignant solid and soft cancers. hUC-MSCs also can be the feeder layer for embryonic stem cells or other pluripotent stem cells. Regarding their therapeutic value, storage banking system and protocols should be established immediately. Ding et al. [18] . critically evaluates their therapeutic value, challenges, and future directions for their clinical applications. The toxicity of stem cell preparations is similar to that of general biological agents, and overall toxicity tests needs to simulate the clinical infusion regimen as much as possible. The dose used should be simulated as much as possible. The information obtained in the toxicity test can help guide the design of clinical trials. If it is difficult to use relevant animals to evaluate the toxicity of human stem cells, the possibility of simulating clinical applications should be considered as much as possible using animal stem cells that correspond to the source, and to those higher than the clinical application of the dose of animals, in order to observe the toxicity in the body. Considering that cynomolgus monkeys are non-human primates, and has the closest genetic relationship to humans, mUC-MSCs have been established. Wang et al. [19] . designed a study to evaluate the overall toxicology of hUC-MSCs in cynomolgus monkeys with repeated administration. They found that the transplantation of hUC-MSCs did not affect the general health of cynomolgus monkeys. In this study, mUCMSCs were administered to cynomolgus monkeys several times, in order to evaluate the safety of the allogeneic infusion of mUC-MSCs and their effects on the immune system, in order to obtain more reliable chronic toxicological data. Therapies based on stem cells have shown very attractive potential in many clinical studies. However, the data about the safety of stem cells application remains insufficient.
In the course of the experiment, the infusion of cells once every 14 days for 98 days did not reveal any abnormal symptoms associated with the infusion cells; and weight did not reveal any significant reduction. General pharmacological indicators such as ECG and body temperature did not reveal any abnormality, suggesting that the infusion of mUC-MSCs in cynomolgus monkeys did not induce any obvious general symptom. In blood biochemical indexes, AST and CK were higher in the groups 2, 3 on the next day after the first infusion (D 2), this significantly increased in individual animals, and these were reduced to preinfusion levels in other time points. In summary, AST and CK are related to liver function, but states may exhibit a significant abnormal increase in external environment changes or stress, although the changes in this study were transient. Animals in the group 1 did not Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry present any abnormal changes. Hence, it was considered that the fluctuation of this indicator may be related to the infusion of cells. In summary, the allogeneic infusion of mUC-MSCs was performed for 98 days in cynomolgus monkeys. There was no abnormal change in the presence of toxic reactions in the animals, indicating the safety of this treatment. In the future we can use hUC-MSCs to treat human diseases, confirmed by animal experiments is safe and effective. The distribution of T lymphocyte subsets in peripheral blood was examined in this study, in which CD3 + cells were reduced on the next day (D 100) after the last infusion. A literature confirmed that MSCs have immunomodulatory abilities [20] , and can affect various T cell functions. Most importantly, it inhibits the activation of CD4 + Th cells and CD8 + CTL proliferation and inhibits CD8 + CTL cytotoxicity, while UC-MSCs inhibits the activation of T cells in the cell G0/G1 phase without causing T cell apoptosis. The results of this experiment revealed that in the allogeneic infusion of mUC-MSCs in cynomolgus monkeys, CD3
+ cells decreased probably due to the secretion of inhibitory cytokines of mUC-MSCs and the inhibition of the proliferation of T cells.
For IFN-γ, IL-4, IL-5, IL-6, IL-10, TNF-ɑ and other cytokines, only IL-6 significantly increased; and this was reduced to the infusion pre-level at the end of the recovery period. IL-6 is a cytokine produced by activated T cells and fibroblasts, which can transform precursor B cells into antibody-producing plasma cells. On the other hand, with the colonystimulating factor, it can promote bone marrow primitive cell growth and differentiation, and enhance natural killer cell lysis function. IL-6 is secreted by UC-MSCs [21] . It mainly acts on the transformation of monocytes to dendritic cells, reduces the antigen presentation of T cells on DC cells, and inhibits T cell activation. The increase in IL-6 in this experiment may be due to the introduction of exogenous mUC-MSCs, which may be proportional to the duration of mUC-MSC retention and function in vivo.
Conclusion
Stem cell-based therapy is attractive in many clinical studies, but current data on the safety of stem cell applications remains inadequate. This study aimed to observe the safety, immunological effect and distribution of mUC-MSCs injected into cynomolgus monkeys. mUC-MSCs from monkeys were used for this experiment to imitate hUC-MSCs used for human. In summary, mUC-MSCs did not show significant toxic effects after its administration in allogeneic cynomolgus monkeys, but did play an immunomodulatory role through the effects of T lymphocyte subsets and IL-6 secretion. The safe dosage of repeated intravenous infusion of mUC-MSCs in cynomolgus monkeys is 1.0 × 10 7 /kg, which is 10 times of that in clinical use. 
